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© Styrene-based realn composition. 

© A styrene-based resin composition is described compris- 
ing (A) a styrene-based resin component comprising a 
styrene-based resin having at least 5% by weight of styrene, 
and 0 to 40% by weight of a rubber-like material, (B) an 
aluminum component selected from the group consisting of 
aluminum and aluminum alloy in e powdery, fibrous and 
flaky form, and optionally (C) an electrically conductive 
carbon black. The styrene-based resin composition not only 
has good electromagnetic wave-shielding properties, but it 
also possesses excellent mechanical strength. Further, If the 
above-described components (A), (B) and (C) ere combined 
together with (D) a halogen-containing organic compound 
and an antimony oxide and (E) a hydrous inorganic subst- 
ance, the composition has good flame retardant property, 
excellent mechanical properties, as well as excellent electro- 
magnetic wave-shielding ability. 
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STYRENE-BASED RESIN COMPOSITION 

FIELD OF THE INVENTION 
The present invention relates to a styrene-based 
resin composition which has excellent properties with 
respect to electromagnetic interference. More particularly , 
the invention relates to a styrene-based resin composition 
comprised of a styrene-based resin component and an aluminizn 
component and optionally an electrically conductive carbon 
black. 

BACKGROUND OF THE INVENTION 

Radiation sources for electromagnetic waves have 
been increasing in number with continued advances in 
industrial technology and the general standard of living. 
The leakage of electromagnetic waves, therefore, has become 
a significant social problem since the wave can exert 
adverse influences on the human body. Such leakage may 
also cause the incorrect behavior of integrated circuits in 
electronic equipment. In particular, electromagnetic waves 
radiated from electronic computers and various office 
equipment exert adverse influences on television sets and 
audio equipment. 

Even in the car industry, electronic devices are 
now used. For example, they are used in automatic 
controllers for various machines such as an engine, and 
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further, in a speedmeter , a tachometer, and so forth. 
Several types of cars are now equipped with a microcomputer. 
In addition, electronic devices such as a telephone, a 
radio and a TV set are installed inside cars for the 
convenience of the driver. However, these electronic 
devices are liable to suffer from various operational 
difficulties under the influence of electromagnetic waves 
emanating from the engine compartment, or from a source 
outside the car. 

Various methods have recently been used to shield 
such equipment against electromagnetic waves, and described 
in British Patents 1,073,567, 1,168,701, 1,195,076, 
1,226,181 and 1,246,829, U.S. Patents 3,468,753, 3,491,056, 
3,393,257, 3,474,067, 3,668,281, 3,673,121, 3,767,613, 
4,006,114 and 4,234,469. 

In* general, since metals can absorb or reflect 
electromagnetic waves, they are effectively used as shield- 
ing materials for electromagnetic waves radiated from an 
electronic oven and various communication apparatuses. 

In addition, plastics with metals deposited thereon by 
vacuum metallizing method or arc spray coating method can 
be used for the same purpose. Furthermore, materials 
prepared by adding additives, e.g., carbon powder and metal 
powder, to plastics can be used. 

Using metals alone or other materials coated with 

metals are disadvantageous in that the specific gravity is 
large, moldability i s poor, the procedure of treatment is 
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not simple , and the treatment cost is high. Similarly, a 
method of introducing additives is disadvantageous in that 
when these additives are added in small amounts, the effect 
cannot be exhibited sufficiently. However, when they are 
5 added in large amounts, the mechanical strength and mold- 

ability of the resulting molded article are seriously 
reduced although the effect can be exhibited. 

Plastic molds are provided with a flash sprayed 
metal layer or an electrically conductive coating layer on 

10 the inner surface thereof for the purpose of shielding 

electromagnetic waves. The flash sprayed metal layer or 
the electrically conductive coating layer is separated from 
the plastic mold by the impulsive action of falling bodies. 
The thus-separated small pieces fall in the plastic mold, 

15 causing problems such as the break-down of electric circuits 

contained in the plastic mold and fire. Furthermore, 
containers for electronic devices, such as office machines 
must be flame resistance due to safety requirements. 
Accordingly, there is a need for a resin composition which 

20 is capable of providing a surface layer which is free from 

the separation and break-down caused by impulses. Further, 
the material must be flame resistance, have excellent 
workability, as well as electromagnetic wave-shielding 
ability. 

25 In general, in order to increase the electro- 

magnetic interference property of synthetic resins or 
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rubbers, it is necessary to incorporate a large amount of 
electrically conductive carbon black in the resin. 
However, it is very difficult to provide flame resistance 
to compositions containing large amounts of carbon black* 
Even though additives such as halogen-containing organic 
compounds and antimony oxide are added to provide flaiue 
resistance, when the resulting composition is exposed to 
a flame in accordance with a flame resistance testing 
method ( UL-94 Method: Underwriter Laboratories, U.S.A.), 
glowing due to carbonization of the carbon black is 
vigorous. Furthermore, the flame remains alive for a long 
period of time, and if other flammable substances are 
brought into contact with the flame, they will easily 
catch fire. Even if considerable amounts of flame retarders 
are added this tendency remains and it is quite difficult 
to eliminate these defects. Moreover, the addition of 
such large amounts of flame retarders to compositions with 
carbon black incorporated thereinto reduces the electro- 
magnetic interference properties since it results in a 
reduction in the proportion of carbon black, even if flame 
resistance can be provided. Therefore,' it is not possible 
to obtain a composition with good electromagnetic inter- 
ference properties which also has excellent flame 
resistance. Furthermore, the use of such large amounts of 
expensive flame retarders causes increased costs. In 
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addition, a molded article prepared from the composition 
does not have mechanical characteristics which are suitable 
for practical use. 

SUMMARY OF THE INVENTION ' 

The present inventors have carried out extensive 
investigations to develop an electromagnetic wave-shielding 
thermoplastic resin compositon which is free from the above- 
described disadvantages and which has excellent properties 
with respect to electromagnetic interference. As a result 
of these studies, the electromagnetic wave-shielding 
material of the present invention was found. The composi- 
tion is comprised of: 

(A) 40 to 90 % by volume of a styrene-based 
resin component comprising (i) a styrene-based resin having 
at least 5 % by weight of styrene, and (ii) 0 to 40 % by 
weight of a rubber-like material, 

(B) 10 to 60 % by volume of an aluminum or 
aluminum alloy in a powdery, fibrous and/or flaky form 
(hereinafter referred to as '•aluminum component"), 

or 

(A) 40 to DO % by volume of the styrene-based 
resin component, 

(B) the aluminum component, and 

(C) an electrically conductive carbon black, 
wherein the proportions of the aluminum component and the 
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electrically conductive carbon black in the composition 
is from 5 to 50 % by volume, respectively , provided 
that the total proportion of the aluminum component and 
the electrically conductive carbon black is from 10 to 60 % 
by volume. 

One of the features of the invention is that 
aluminum component is used and it can be easily and uniform- 
ly mixed with styrene-based resins because its specific 
gravity is small compared with other metals. Further, 
because of its high flexibility, the aluminum component is 
less likely to damage a mixer, mold, or other equipment 
during the mixing and molding processes* In addition, the 
aluminum component has good moldabilxty. Furthermore, 
aluminum is not corroded by moisture in air as are iron 
and other metals • 

The electromagnetic wave-shielding material of 
the invention not only possesses excellent electromagnetic 
wave-shilding properties, but the following advantages* 

(1) Light weight; 

(2) Since the composition is composed of a 
styrene-based resin, it can be molded into any desired 
form; 

(3) Mechanical characteristics such as bending 
strength and impact strength are good; and 

(4) Fabrication costs normally required for the 
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shielding treatments of electromagnetic waves (e.g., arc 
spray coating, electrical coating or plating of metals.) 
are not required, which greatly reduces costs. 

(5) When used in housing for electronic devices, 
it increases the heat dissipation efficiency in the inside 
thereof because of its high thermal conductivity. 

(6) Since it is provided with electrically 
conductive properties, it is effective in eliminating 
difficulties created by static electricity - i.e., it has 
the effect of shielding static electricity. 

Furthermore, the addition of a flame retardant 
into the styrene-based resin composition provides an electro- 
magnetic wave-shielding material having superior flame 
retardant properties (V-O as determined by Underwriter's 
Laboratories (UL) Method No. 94 in 1/8 inch thickness). 

Materials provided with flame retardant 
properties provide safety with respect to abnormal current 
in electronic devices. £ ~ 

In that the electromagnetic wave-shielding 
material of the invention possesses the above-described 
effects as well as excellent electromagnetic wave-shielding 
properties, it will have various applications. Typical 
uses are shown below: 

(1) Housing materials for office equipment such 
as a fascimile, a printer and a word-processor, and housing 
and structural materials for office computers and large- 
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scale computers ; 

(2) Housing materials for electronic equipment 
such as a television set, a video system, a microwave oven, 
an air-conditioner and a sewing machine, and housing 

5 materials for communication equipments, various measuring 

instruments and medical instruments; 

(3) Housing materials for control devices in 
connection with the engine power of a car, a meter display, 
a speed controller, a wiper-controlling unit, and a mirror- 

10 controlling unit; 

(4) Prevention of noise for a car radio, a 
telephone, a television, and an illumination equipment; 

(5) Protective cases for instruments used in 

cars; 

15 (6) Panel housings for control instruments used 

in cars; 

(7) Covers for electric wires in cars, home 
electric appliances, and office automation (OA) equipments 
(e.g., a furnace tube); 
20 (8) Housing materials for control instruments 

such as NC machine tools and industrial robots. 

BRIEF DESCRIPTION OP THE DRAWINGS 
Fig. 1 is a perspective view of a test specimen 
for use in the measurement of volume resistance, wherein A 
25 and B (obverse and reverse surfaces) indicate sufaces on 
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which an electrically conductive silver paint has been 
coated. 

Fig. 2 is a perspective view of a box- like 
injection molded product produced in each example or 
5 comparative example. 

Fig. 3 shows the radiation field strength of 
each of the printer housings produced in the Example 25 
and Comparative Example 3. In Figure 3, the abscissa is 
a radiation frequency (MHz), and the ordinate, a radiation 
10 field strength (dBuV/m) . 

DETAILED DESCRIPTION OF THE INVENTION 
(A) Styrene-Based Resin 

The molecular weight of the styrene-based resins 
which can be used in the present invention is generally 
15 from 10,000 to 1,000,000, preferably from 20,000 to 

500,000, and the softening point is generally not lower 
than 20 °C, preferably from 20 to 250°C. Further, the 
content of styrene is at least 5 % by weight and preferably 
10 % by weight or more. 
20 Styrene-based resins as used herein are broadly 

divided as follows: 

(1) Styrene homopolymer and copolymers of 
styrene and other monomers, said styrene constituting a 
major component (hereinafter referred to as "styrene-based 
25 resins (A) n ) . 

-9- 
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(2) Impact resistance resins as prepared by 
reacting a rubber-like material as described hereinafter 
with styrene or styrene and other vinyl compounds (here- 
inafter referred to as "styrene-based resins (B) ") . 
5 (3) Polymers as prepared by reacting polyphenylene 

ether with styrene, etc. r or a mixture of styrene-based 
resins (A) and polyphenylene ether (hereinafter referred 
to as "styrene-based resins (C) w ). 

These styrene-based resins (A) , (B) and (C) may 
10 be used alone or in combination with each other. The 

total styrene content of the styrene-based resins is 
at least 5 % by weight - 

These styrene-based resins (A) , (B) and (C) will 
hereinafter be explained in detail. 
15 (1) Styrene-Based Resins (A) 

Styrene-based resins (A) as used herein have in 
general a molecular weicht of from 50,000 to 300,000 and 
include a styrene hcstopolyner and copolymers of styrene and 
organic compounds having a double bond, having a styrene 
20 content of at least 60 % by weight. Typical examples of 

the double bond-containing organic compounds include 
ethylene, vinyl acetate, maleic anhydride, aery lonitrile , 
and methyl methacrylate. A method of production of these 
styrene-based polymers is well known, and they are widely 
25 used in a wide variety of applications. See Encyclopedia 
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of Polymer Science and Technology , Vol.13, p. 128. 
(2) Styrene-Based Resins (B) 

Styrene-based resins (B) as used herein are 
prepared by graft-polymerizing at least one member (here- 

5 inafter referred to as "rubber-like material 1 ') selected 

from the group consisting of butadiene-based rubber, 
acrylic acid ester-based rubber, ethylene/propylene-based 
rubber, and chlorinated polyethylene-based rubber, with 
styrene alone or a mixture of styrene and at least one 

Lo vinyl compound selected from the group consisting of 

acrylonitrile and methyl methacrylate. 

These rubber-like materials will hereinafter be 
explained in detail . 

(a) Butadiene-Based Rubber 

L5 The term "butadiene-based rubber" is used 

herein to mean those rubbers composed mainly of butadiene 
i.e., containing 60 % by weight or more of butadiene, 
including butadiene horaopolymer rubber, and butadiene 
copolymer rubbers comprising butadiene and a small amount 

20 of styrene or acrylonitrile (e.g., SBR and NBR) . The 

butadiene/sty rene copolymer rubber may be a block copolymer 
rubber, or a random copolymer rubber. See Encyclopedia 
of Polymer Science and Technology , Vol.2, p. 104 and p. 678. 
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(b) Acrylic Acid Ester-Based Rubber 

This acrylic acid ester-based rubber is prepared 
by emulsion-polymerizing acrylic acid ester (e.g., butyl 
acrylate) and a small amount (usually 10 % by weight or 
less) of different monomer (e.g., acrylonitrile) in the 
presence of a catalyst, e.g., persulfuric acid salt, and 
is usually called acryl rubber. See Encyclopedia of 
Polymer Science and Technology , Vol.1 p-226. 

(c) Ethylene/Propylene-Based Rubber 

The term "ethylene/propylene-based rubber" is 
used herein to mean those multi-copolymerization rubbers 
including an ethylene/propylene copolymer rubber, and 
terpolymer rubbers composed mainly of ethylene and 
propylene and of small amounts (usually 10 % by weight or 
less) of monomers, such as straight or branched diolefins 
containing two double bonds at the terminals thereof (e.g., 
1, 4-pentadiene, 1 r 5-hexadiene , and 3 , 3 -dime thy 1-1, 5- 
hexadiene) , straight or branched diolefins containing one 
double bond at the terminal hereof (e.g., 1,4-hexadiene 
and 6-methyl-l,5-heptadiene) , and cyclic dienes or their 
derivatives (e.g., bicyclo [2 , 2 , 1] -heptene-2) . The weight 
ratio of the ethylene monomer unit to the propylene 
monomer unit in the ethylene/propylene-based rubber is 
preferably from 30/70 to 70/30. These ethylene/propylene- 
based rubbers can be prepared by copolymer i zing 
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ethylene and propylene, or ethylene, propylene, and the 
above-described monomers in the presence of a catalyst 
comprising a transition metal compound, an organoaluminum 
compound, and the like. See Encyclopedia of Polymer 

5 Science and Technology , Vol.6, p. 359- 

(d) Chlorinated Polyethylene-based Rubber 

This chlorinated polyethylene-based rubber is 
prepared by chlorinating polyethylene powder or grains 
as described hereinafter in an aqueous' suspension, or by 

^0 chlorinating polyethylene dissolved in an organic solvent. 

It is preferred to use the chlorinated polyethylene-based 
rubber as prepared by chlorinating in an aqueous suspension. 
In general, the rubber is amorphous or crystalline 
chlorinated polyethylene having a chlorine content of from 

L5 20 to 50 % by weight, with amorphous chlorinated polyethylne 

having a chlorine content of from 25 to 45 % by weight 
being particularly preferred. The polyethylene as used 
herein includes an ethylene homopolymer and copolymers of 
ethylene and 10 % by weight or less of a-olefins (usually 

20 containing 6 or less carbon atoms) • The density is 

generally from 0.910 to 0.970 g/cc, and the molecular 
weight is from 50,000 to 700,000. See Encyclopedia of 
Polymer Science and Technology , Vol.6, p. 432. 

In preparing the. sJbyrene-based resins (B) of the 

25 invention , the Mooney viscosity of the rubber-like material 
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is desirably from 20 to 140 , with the range of from 30 to 
120 being particularly suitable, although it varies 
depending on the type of the rubber-like material. These 
rubber-like materials are commercially produced and widely 
used in a wide variety of applications. Their method of 
production, characteristics and uses are well known (see, 
for example, S, Kanbara, Goseigomu Handbook (Synthetic 
Rubber Handbook ) , Asakura Shoten, Tokyo (1967)). 

Styrene-based resins (B) as used herein are 
prepared by graft-polymerizing styrene alone or a mixture 
of styrene and at least one different vinyl compound (i.e., 
acrylonitrile and methyl methacrylate) onto the above- 
described rubbers. Graft-polymerization methods which can 
be used include a bulk polymerization method, a solution 
polymerization method, an emulsion polymerization method, 
an aqueous suspension method, and a combination thereof 
(e.g., a process in which, after bulk polymerization, 
aqueous suspension polymerization is performed) . In 
general, the amount of the rubber-like material used in 
the preparation of 100 parts by weight of the styrene-based 
resin (B) is from 3 to 40 parts by weight and preferably 
from 5 to 35 parts by weight, with the range of from 5 to 
30 parts by weight being particularly suitable. (There may 
be employed a process in which a relatively large amount of 
rubber-like material is used to prepare a graft polymer 
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containing a large amount of rubber-like material, and 
the thus-prepared graft polymer is mixed with the above- 
described styrene, acrylonitrile, or methyl methacrylate 
homopolymer or copolymer resin. In this case, the amount 
of the rubber-like material used is calculated based on 
that of the resulting mixture including non-grafted 
rubber-like material.) The molecular weight of the 
grafted parts consisting of styrene or a mixture of 
styrene and acrylonitrile and/or methyl methacrylate is 
usually from 1,000 to 300,000 and preferably from 2,000 
to 200,000. In general, all of the monomer used are 
rarely bound to the rubber-like material, resulting in 
the formation of homopolymer or copolymer of the monomer. 
These homopolymers and copolymers are used as such with- 
out being separated from the graft copolymer. The content 
of styrene in the styrene-based resin (B) is preferably 
20 % by weight or more and particularly preferably 30 % 
by weight or more. 

Typical examples of the thus-prepared styrene- 
based resins (B) include: 

impact-resistant styrene resin (HIPS resin) as 
prepared by graft-polymerizing styrene alone onto a butadiene 
homopolymer or a styrene/butadiene block or random copoly- 
mer rubber CSBR) (see Encyclopedia of polymer Science and 
Technology , Vol. 13, p. 193); 
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acrylonitrile/butadiene/styrene terpolymer 
resin (ABS resin) as prepared by graf t-copolymerizing 
styrene and acrylonitrile onto a butadiene homopolymer 
rubber , SBR, or acrylonitrile/butadiene copolymer rubber 
(NBR) (see Encyclopedia of Polymer Science and Technology , 
Vol. 1, p. 436); 

methyl methacrylate/butadiene/styrene terpolymer 
resin (MBS resin) as prepared by graf t-copolymerizing 
styrene and methyl methacrylate onto butadiene homopolymer 
rubber or SBR; 

acrylonitrile/acrylic acid ester/styrene 
terpolymer resin (AAS resin) as prepared by graf t-copoly- 
merizing acrylonitrile and styrene onto acrylic acid 
ester-based rubber; 

graft copolymer resin (AES resin) as prepared 
by acrylonitrile and styrene onto ethylene/propylene- 
based rubber; 

graft copolymer resin (ACS resin) as prepared 
by graf t-copolymerizing styrene and acrylonitrile onto 
chlorinated polyethylene-based rubber; and 

graft copolymer resin (MCS resin) as prepared 
by graf t-copolymerizing styrene and methyl methacrylate 
onto chlorinated polyethylene-based rubber. 
(3) Styrene-Based Resins (C) 

Styrene-based resins (C) as used herein are 
polymers as prepared by reacting styrene with polyphenylene 
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ether (hereinafter referred to as "PPO") represented by 

the general formula (I) as described hereinafter, or mixtures 

of PPO and styrene-based resins (A) as described hereinbefore. 




10 

1 2 

wherein Q and Q may be the same or different and are 
each an alkyl group containing from 1 to 4 carbon atoms, 
and n is a positive integer of at least 50, usually at 
least 100. See Encyclopedia of Polymer Science and Tech- 

15 nolog y. Vol. 10, p. 92. 

Typical examples of PPO include poly (2, 6 -dime thy 1- 
phenylene-1 , 4-ether ) , poly (2 , 6-diethylphenylene-l , 4-e ther ) , 
poly (2-methyl-6-ethylphenyJ.ene-l , 4-ether) , poly { 2-methyl-6- 
propylphenylene-1 , 4-ether) , poly (2 , 6-dipropylphenylene-l , 4- 

20 ether), poly (2 -me thyl-6-butylphenylene-l, 4-ether) , and poly- 

(2 , 6-dibutylphenylene— 1, 4-ether) . Of these compounds, 
poly (2, 6-dimethylphenylene-l, 4-ether) is preferably used. 

These styrene-based resins (C) can be prepared 
by graf t-copolymerizing styrene alone, or styrene and at 

25 least one comonomer selected from the group consisting of 
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styrene containing one or two alkyl groups, acrylonitrile, 
methyl methacrylate and butyl aery late onto PPO. 

The styrene-based resins (C) can also be prepared 
by mixing the above-described styrene-based resins (A) and 
5 PPO . The proportion of the styrene-based resin (A) in the 

resulting mixture is from 5 to 80 % by weight and preferably 
from 10 to 70 % by weight. 

» 

These styrene-based resins (A) to (C) may be used 
alone or in combination with the above-de scribed rubber- 

10 like material. When the styrene-based resins are used in 

combination with the rubber-like material, the proportion 
of the rubber-like material in the styrene-based resin/ 
rubber-like material mixture is 40 % by weight or less and 
preferably 35 % by weight or less. The styrene-based 

15 resins and the styrene-based re sin/rubber- like material 

mixture are herein referred to merely as "styrene-based 

resin component". 

(B) Aluminum Component 

The mean size of the powdery aluminum or aluminum 

20 alloy is generally from 250 to 2b mesh. The diameter of the 

fibrous aluminum or aluminum alloy is generally from 0.0020 
to 0.50 mm, and a fibrous aluminum or aluminum alloy having 
a length of 10 mm or less is preferred since it is easy to 
work with. Flaky aluminum or aluminum alloy may be in a 

25 form such as circular, triangular, square, rectangular. 
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hexagonal or like form having a surface area of from 
0.1x0.1mmto5x5 mm. A flaky aluminum or aluminum 
alloy having a thickness of 0.1 mm or less is particularly 
preferred. In particular, a flaky aluminum or aluminum 
alloy having a square form with a surface 'area of about 
1x1 mm, and a thickness of about 0.03 mm has good dis- 
persibility in the styrene-based resin component and does not 
become entangled unlike aluminum fibers, not forming any 
entangled material. Furthermore, these aluminum flakes 
have a strong tendency of orientating in the direction in 
which the impact resistant resin flows during molding. 
When used in the same amount, therefore, the composition 
containing aluminum flakes not only has good electric 
conductivity, but also is improved with respect to flexural 
modulus of elasticity compared with the composition con- 
taining aluminum fibers. In particular , aluminum flakes 
having a surface area of 1 mm x 1 mm is most preferred 
from a viewpoint of dispersion properties.. 

The powdery, fibrous and flaky aluminum or aluminum 
alloys may be used alone. However, it is suitable to use 
them in combination with each other because the effect of 
the invention can be obtained at a low mixing ratio. The 
aluminum content of the aluminum -alloy is usually at least 
80 % by weight. 
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(C) Carbon Black 

The electrically conductive carborf black as used 
herein generally has a specific surface area of from 20 to 
1,800 m 2 /g, as determined by the low temperature nitrogen 
absorption method (see ASTM D 3037-78) and the BET method, 
and a pore volume of from 1.5 to 4,0 mfc/g as determined by 
the mercury 1 pressure-introduction method (see Powder Tech- 
nology , Vol. 29 (1), pp. 45-52, 1981) within the pore 
diameter of from 30 to 7,500 A. In particular, carbon 

2 

black having a specific surface area of from 200 to 1,200 m /g 
can be effectively used in the invention. 

The carbon black includes channel black, acetylene 
black, and carbon black produced by the furnace black method. 
Of these, carbon black produced by the furnace black method 
is particularly preferred because it has good dispersibility 
and does not reduce mechanical strength of the resulting 
composition. The method of production, physical properties, 
etc., of such carbon blacks are well known as described in 
Carbon Black Association ed.. Handbook of Carbon Black , 
Tosho Shuppan, Tokyo (1972) , Handbook of Rubber/Plastic 
Compounding Chemicals , Rubber Digest Co., Ltd., Japan (1974), 
and Encyclopedia of Polymer Science and Technology , Vol. 2, 
pp. 820-836. 

In view of strict regulations for flame retardant 
properties, it is preferred to further incorporate halogen- 
containing organic compounds and antimony oxide as described 
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hereinafter into the styrene-based resin composition, into 
the composition, it is preferred to further incorporate 
hydrous inorganic substances as well as the halogen-con- 
taining organic compounds and antimony oxide. 
5 (D) Halogen-Containing Organic Compound and Antimony Oxide 

Halogen-containing organic compounds which are 
used in the invention are widely known as flame retardants. 
Of these flame retarders, those having a halogen content of 
from 20 to 90 % by weight r preferably from 30 to 90 % by 
0 weight, more preferably from 40 to 85 % by weight are 

preferred. In particular, those having a melting point of 
200°C or less and a boiling point of at least 300°C are 
suitable. The halogen-containing organic compounds are 
liquid or solid at room temperature (20°C), and particularly 
.5 those having a decomposition initiating temperature or a 

boiling point of at least 200 °C are preferred. The molecular 
weight of halogen-containing organic compounds are generally 
from 500 to 5,000 and preferably from 500 to 4,000. Pre- 
ferred examples of such halogen -containing organic compounds 
10 are chlorine— containing compounds and bromine— containing 

compounds. Typical preferred examples are tetrachlorophthalic 
anhydride, chlorinated paraffin, chlorinated bisphenol A, 
brominated bisphenol S, chlorinated diphenyl, brominated 
diphenyl, chlorinated naphthalene, tris (8-chloroethyl) 
25 phosphate and tris(dibromobutyl) phosphate. 
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The antimony oxide as used herein is generally 
used as a f lame-retardant aid for the above-described 
halogen-containing organic compound. Preferred examples 
are antimony trioxide and antimony pentaoxide. 
5 These halogen-containing organic compounds and 

antimony oxide are well known as described in the above 
described Handbook of Rubber/plastic Compounding Chemicals 
and Encyclopedia of Polymer Science and Technology , Vol. 7, 
P- 1. 

10 (E) Hydrous Inorganic Substance 

The hydrous inorganic substance as used herein 
has a bound water content of from 10 to 80 % by weight and 
a true specific gravity of from 1.0 to 5.0. Hydrous inorga- 
nic substances capable of releasing water at 150 to 500°C, 

15 particularly 200 to 450 °C, are preferably used for the 

purpose of the invention. Typical examples of such hydrous 
inorganic substances are hydrates of Group IIA, IIB and 
IIIB metals and salts containing such metals. Examples 
include compounds containing water in the molecule thereof, 

20 e.g., magnesium hydroxide, calcium hydroxide, aluminum 

hydroxide (A£ 2 0 3 nH 2 0) , hydrous gypsum, kaolin clay, cal- 
cium carbonate, hydrotalcite, basic magnesium carbonate, 
magnesium borate, and precipitating sulfate of barium, 
magnesium or calcium. These hydrous inorganic substances 

25 are insoluble in water, and the solubility in 100 ml of 
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water at 20°C is generally 10 g or less, preferably Ig or 
less, and especially preferably 0.1 g or less. Preferred 
hydrous inorganic substances include aluminum hydroxide, 
hydrous gypsum, magnesium hydroxide, calcium carbonate, 

5 basic magnesium carbonate, and precipitating magnesium or 

calcium sulfate. See Encyclopedia of Polymer Science and 
Technology , Vol. 7, p. 740. 

The antimony oxides and hydrous inorganic sub- 
stances which can be used in the present invention generally 

10 have an average particle size of 0.1 to 100 um, preferably 

0.2 to 50 um, more preferably 0.3 to 40 ym. 

When the styrene-based resin composition com- 
prised of the styrene-based resin component and the aluminum 
component is prepared, the proportion of the styrene-based 

15 resin component in the composition is from 40 to 90 % by 

volume, preferably from 45 to 85 % by volume, and the pro- 
portion of the aluminum component is from 10 to 60 % by volume, 
preferably 15 to 55 % by volume. When the proportion of 
the aluminum component contained is less than 10 % by volume, 

20 no sufficient electrical conductivity necessary for electro- 

magnetic wave- shielding can be obtained. On the other hand, 
when the proportion of the aluminum component is more than 
60 % by volume, it becomes difficult to uniformly mix the 
aluminum component with the styrene-based resin component 

25 and even if an uniform composition is prepared, the result- 

ing composition does not have sufficient strength for practice 
use. 
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When the styrene-based composition which further 
contains the electrically conductive carbon black is pre- 
pared, the proportion of the styrene-based resin component 
contained in the composition is from 40 to 90 % by volume 
5 and preferably from 50 to 85 % by volume. The proportion 

of the aluminum component contained in the composition is 
from 5 to 50 % by volume and preferably from 10 to 45 % 
by volume. The proportion of the electrically conductive 
carbon black contained is from 5 to 50 % by volume and 

10 preferably from 10 to 45 % by volume - 

When the proportion of the electrically con- 
ductive carbon black is less than 5 % by volume, no 
sufficient electrical conductivity necessary for electro- 
magnetic wave-shielding can be obtained. On the other 

15 hand, when the electrically conductive carbon black is 

added in greater amounts than 50 % by volume, it becomes 
difficult to uniformly mix the carbon black with the 
styrene-based resin component, and the resulting resinous 
layer does not have sufficient strength for practical use. 

20 Incorporation of the aluminum component into the 

styrene-based resin composition is not only performed for 
the purpose of increasing the electromagnetic wave-shield- 
ing performance, but also is intended to achieve multiple 
scattering of electromagnetic waves on the surface of the 

25 aluminum component. 
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In order to enhance the synergistic effect of 
the electrically conductive carbon black and aluminum 
component, it is necessary to add the aluminum component 
in an proportion of at least 5 % by volume- When the 
proportion of the aluminum component added is less than 
5 % by volume, the synergistic effect of the carbon black 
and aluminum component is decreased. On the other hand, 
when it is more than 50 % by volume, it becomes impossible 
to uniformly mix the aluminum component with the styrene- 
based resin component. 

One of the features of the invention is that in 
the styren-based resin composition , the aluminum c omp onent is 
used in combination with the electrically conductive carbon 
black, and the total proportion of the aluminum component 
and the electrically conductive carbon black is from 10 to 60 % 
by volume. Particularly it is preferred for the total 
proportion to be within the range of from 10 to 50 % by 
volume. In connection with the volume ratio of aluminum 
component to electrically conductive carbon black, it is 
preferably yrithin the range of from 4.0/1 to 1/4.0. It has 
been found that by mixing the electrically conductive carbon 
black having the electromagnetic wave-shielding effect at 
a high frequency region (MHz) and the aluninum component having 
the electromagnetic wave-shielding effect at a low frequency 
region (KHz) , the resulting mixture is allowed to have the 
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electromagnetic wave-shielding effect over a wider fre- 
quency region, and that even at a region where the 
electromagnetic wave-shielding effect is almost not 
exhibited when the aluminum component or electrically 
conductive carbon black is used alone, if they are used 
in combination with each other, the electromagnetic wave- 
shielding effect can be exhibited very significantly. 
Although the exact reason for such significant effect is 
not known, it is considered that electromagnetic wave 
energy reflected by or absorbed in the aluminum component 
is grounded through the electrically conductive carbon 
black. This is supported by the fact that when the 
aluminum component is used in combination with the elec- 
trically conductive carbon black # the electric conductivity 
of the composition of the invention is greatly increased. 

When the total proportion of aluminum component 
and electrically conductive carbon black contained in the 
styrene-based resin composition is less than 10 % by volume, 
its electromagnetic wave-shielding effect is poor particu- 
larly at a low frequency region. On the other hand, when 
the proportion is more than 60 % by volume, the moldability 
of the resulting composition is undesirably decreased. 

The halogen-containing organic compound and 
the antimony oxide may be added in the styrene-based resin 
composition in an amount of 5 parts by weight or more, 
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respectively, per 100 parts by weight of the total amount 
of the styrene-based resin component, aluminium component 
and electrically conductive carbon black. The total pro- 
portion of the halogen-containing organic compound and 
5 antimony oxide is preferably from 10 to 45 parts by weight 

and more, preferably from IS to 45 parts by weight. The 
proportion of antimony oxide per the halogen element con- 
tained in 100 parts by weight of the halogen-containing 
organic compound is usually from 100 to 600 parts by 
10 weight and preferably from 100 to 400 parts by weight. 

In view of flame retardant properties and bleeding, it is 
suitably from 150 to 400 parts by weight. 

In addition to the processings to make a product 
flame-resistant by the use of the flame retardants (halo- 
15 gen-containing organic compounds and antimony oxide) , 

hydrous inorganic substances can be added in order to 
improve moldability and to provide high flame resistance 
(V-O as determined by the UL-94 method) . The proportion 
of the hydrous substance added is 50 parts by weight or 
20 less, preferably 45 parts by weight or less, per 100 parts 

by weight of the total amount of the styrene-based resin 
component, aluminum component and electrically conductive 
carbon black. The addition of the hydrous inorganic sub- 
stance in a proportion of at least 5 parts by weight, 
25 preferably at least 10 parts by weight, and more preferably 
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at least 20 parts by weight, per 100 parts by weight of 
the electrically condictive carbon black, is preferred 
because it permits the production of a composition having 
good flame resistance, mechanical characteristics, and 
5 moldability. 

In the preparation of the styrene-based resin 
composition of the invention, all ingredients may be mixed 
at the same time, or some of the ingredients may be pre- 
viously mixed to form a mixture, which is in turn mixed 

10 with the remaining ingredients (for example, the styrene- 

based resin component is previously mixed with the electrically 
conductive carbon black, and the resulting mixture is then 
mixed with the aluminum ccmponent) . Furthermore, there may be 
employed a process in which part of the styrene-based 

15 resin component is previously mixed with all or part of the 

aluminum component and/or electrically conductive carbon 
black to form a master batch, and the thus-formed master 
batch is then mixed with the remaining ingredients. 

In producing the styrene-based resin composition 

20 of the invention, stabilizers against oxygen, heat and 

light, metal deterioration-preventing agents, fillers, 
lubricants, and other additives, which are generally used 
in the field of styrene-based resins, can be further added. 
In the preparation of the styrene-based resin 

25 composition, the necessary ingredients may be dry-blended 
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by the use of a mixer, e.g., a Henschel mixer, which is 
generally used in processing of styrene-based resins, or 
may be molten-kneaded by the use of a mixer, e.g., a 
Banbury mixer, a kneader, a roll mill, and a screw type 

> extruder. By dry-blending the ingredients and then, 

molten-kneading the resulting composition (or mixture), 
a uniform composition can be obtained. In this case, in 
general, the composition (or mixture) thus molten- kneaded 
is pelletized and supplied to the subsequent molding 

3 process. 

Both the molten-kneading and molding should be 
performed at temperatures higher than the softening point 
of the styrene-based resin component used. Since, however, 
thermal degradation of part of the styrene-based resin 

5 component may occur if the molten-kneading and molding are 

performed at higher temperatures than 300°C, they should 
be, of course, performed at temperatures lower than that 
at which the thermal degradation occurs. In molten-kneading 
kneading and molding, therefore, processing temperature of 

0 the styrene-based resin component varies depending upon 
the kind of styrene-based resin component used. Typical 
processing temperatures of the styrene-based resins are 
shown below. 

Processing (Preferred 
Temperature Temperature) 
f*Cj Pel 

15 Styrene-based Resins (A) 1810-250 (200-250) 

Styrene-based Resins (B) * ( " ) 

Styrene-based Resins (C) 180-300 (200-300) 
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Molding methods which can be used include an 
extrusion molding method, an injection molding method, 
and a press molding method. In addition, molding methods 
which are generally used in the field of styrene-based 
resins , such as a stamping method, a press molding method 
using an extruded sheet, and a vacuum molding method, can 
be used. 

The thus-prepared styrene-based resin composition 
of the invention can be shaped into various forms because 
of its excellent moldability and can be used in various 
applications . 

The present invention will hereinafter be explained 
in detail by reference to the examples and comparative exam- 
ples as described hereinafter. 

In the examples and comparative examples, various 
physical properties were measured according to tests defined 
in ASTM as follows: 

Physical Properties ASTM 

Plow rate D 1238-79 under Condition N 

Izod impact strength D 256-56 

Tensile strength D 2638-72 

Bending strength D 790-71 

Young's modulus in flexure D 790 

Vicat softening point D 1528-58T 

Further the volume resistivity and the effect of 
shielding electromagnetic waves were also measured as follows 
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Volume resistivity: An electrically conductive 
silver paint was coated on both the observe and reverse 
surfaces of each of parts A and B (both having a width of 
I cm) of a molded article (having a length of 3 cm and a 
width of 1 cm) as shown in Fig. 1. After the paint was 
fully dried , the resistance between the paint-coated spots 
for each of parts A and B was measured by the use of a 
tester (SANWA SR-3TR, manufactured by Sanwa Denki Keiki 
Co., Ltd.)- The thus-measured value was divided by the 
thickness, t, to obtain the volume resistivity. This volume 
resistivity is indicated in the unit of ft-cm. 

Effect of shielding electromagnetic waves: A box 
as shown in Fig. 2 was produced, (depth: 100 mm, width: 120 
mm, length: 290 mm and thickness: 3 mm), in which was placed 
a portable oscillator adjusted in frequency to 600 MHz. 
This box was placed in an electric wave shielded place, and 
the electric waves from the oscillator were received by means 
of - a receiving antenna and measured by means of a wattmeter 
for microwaves. Similarly, the electric waves from the 
oscillator, not placed in the box, were measured as a control. 
The ratio of the former field strength ( W V) to the latter 
(control) field strength (yV) was expressed in decibel (dB) , 
and indicated as an electromagnetic wave attenuation amount 
of the sample sheet. 

The styrene-based resin, rubber-like material, 
aluminum flake, aluminum powder, aluminum fiber, electrically 
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conductive carbon black, halogen-containing organic com- 
pound, antimony oxide, and hydrous inorganic substance 
as used in the examples and comparative examples are as 
follows : 

Styrene-Based Resin (YS)_ 

Styrene was suspended in water and, after addition 
of an emulsifier and a catalyst, polymerized at a tempera- 
ture of 90°C to prepare a styrene resin having a flow index 
of 1.30 g/10 min. This styrene resin is designated as "PS". 
Styrene-Based Resin (HIPS) 

Styrene (92 parts by weight) was graf t-copolymer- 
ized onto 8.1 puts by weight of a styrene-butadiene random 
copolymer rubber (styrene content: 25.3 % by weight; 
Mooney viscosity (ML 1+4 ) ; 25) to prepare a high impact 
polystyrene having a flow index of 13.0 g/10 min. This 
high impact polystyrene is designated as ■•HIPS''. 
ABS Resin 

A 20-liter autoclave made of stainless steel 
was charged with 280.0 g (as solids) of a styrene-butadiene 
copolymer rubber (butadiene content: 80 % by weight; gel 
content of rubber: 80 %) , 2.0 g of ammonium persulfate, 
80.0 g of sodium rosinate for disproportionation, 21.0 g 
of laurylmercaptan, and 8.0 I (liters) of water. They 
were uniformly mixed, and 2,520 g of styrene and 1,200 g 
of acrylonitrile were added thereto. The resulting mixture 
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was stirred , and then, raised in temperature to 70°C while 
stirring. At this temperature, polymerization was performed 
with stirring for 10 hours. To the thus-prepared polymer 
(grafted product) -containing latex-like material was added 
a 5 % aqueous solution of aluminum sulfate to coagulate 
the grafted product. The coagulated product was washed 
with about 5,200 ml of an about 1 % aqueous solution of 
sodium hydroxide, and further , with a large amount (about 
30 liters) of hot water maintained at 70°C. The grafted 
product was dried at about 80°C under reduced pressure 
for about 24 hours. There was thus obtained 3,785 g of 
white powdery grafted product. The Izod impact resistance 
of the grafted product was 7.5 Kg-cm/cm-notch, and its 
tensile strength was 468 kg/cm 2 . The Vicat softening point 
of the polymer was 101. 5°C. The rubber-like material con- 
tent of the grafted product was 7.3 % by weight. This 
grafted product is hereinafter referred to as M ABS W . 
MBS Resin 

A 20— liter autoclave made of stainless steel 
was charged with about 12,000 ml of an aqueous dispersion 
containing 1,380 g of a butadiene-styrene copolymer rubber 
(Mooney viscosity: 50) consisting of 76.5 % by weight of 
butadiene and 23.5 % by weight of styrene. An aqueous 
solution of 480 g of sodium formaldehydesulfoxylate 
dihydrate dissolved in about 2,400 ml of water, and 160.0 g 
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of cumene hydroperoxide were added in a stream of nitrogen 
while maintaining the temperature at 60°C. The mixture 
was stirred for 1 hour- Then, a mixture of 7,680 g of 
methyl methacrylate and 32*0 g of cumene hydroperoxide was 

5 added, and polymerization was allowed to proceed. After 

about 7 hours, the polymerization conversion ratio was 
91.8 %. Thereafter, a mixture of 6,880 g of styrene and 
32.0 g of cumene hydroperoxide was added, and polymeriza- 
tion was allowed to proceed. After about 6 hours, the 
10 polymerization conversion ratio was 93.3 %. To the resulting 

reaction solution were added an aqueous solution of hydro- 
chloric acid and sodium chloride (salt) to coagulate it. 
The thus-obtained precipitate was filtered off, thoroughly 
washed with hot water, and then, dried at a temperature of 
15 about 80°C under reduced pressure for about 24 hours* 

There was thus obtained a white powdery polymer (grafted 
product) . The Izod impact strength of the grafted product 
was 7.6 kg- cm/cm-notch, and its tensile strength was 415 
kg/cm 2 . The Vicat softening point of the grafted product 

20 was 97.2°C. The rubber-like material content of the grafted 

product (hereinafter referred to as W MBS W ) was 9.6 % by 
weight. 
AAS Resin 

A 20-liter autoclave made of stainless steel was 
25 charged with about 8,000 ml of distilled water, 24.0 g of 
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sodium dodecylbenzene sulfonate , 0.80 g of ammonium persul- 
fate as a polymerization catalyst, and as monomers, 784 g 
of butyl acrylate and 16.0 g of glycidyl methacrylate. 
Polymerization was performed at 77 °C with stirring until 
the monomers are almost completely polymerized to prepare 
acrylic acid ester-based rubber. To the polymerization 
system containing the acrylic acid ester-based rubber were 
added 1,680 g of styrene and 720 g of acrylonitrile as 
monomers, and 16.0 g of potassium persulfate as a polymeri- 
zation catalyst, and polymerization was performed at 83°C 
for 10 hours while stirring. There was thus obtained an 
emulsion polymer (grafted product) containing almost no 
unreacted monomers. When a 5 % aqueous aolution of aluminum 
sulfate was added dropwise to the above -obtained grafted 
product-containing emulsion while stirring, the polymer 
(grafted product) precipitated. This water-containing 
polymer was then centrif ugated to remove the water, and the 
polymer was fully washed with water and dried at about 50 °C 
under reduced pressure for about 24 hours. The Izod impact 

strength of the grafted product was 24.8 kg -cm/cm-notch, and 

2 

its tensile strength was 350 kg/cm . The softening point 
was 97.6°C. The rubber-like material content of the grafted 
product (hereinafter referred to as "AAS") was 23.8 % by 
weight. 
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X- 

AES Resin 

A 20-liter autoclave made of stainless steel 
was charged with 5,350 g of styrene as a monomer , 1,500 g 
of an ethylene-propylene-diene terpolymer rubber (Mooney 
viscosity (l° u ° c )) s 45 ' unconjugated diene component: 

ethyl idenenorbornene; iodine value: 25) as a' "rubber- like 
material, and 1.0 kg of n-heptane. After the air in the 
autoclave was replaced by nitrogen, the mixture was stirred 
at 50 °C for 2 hours to completely dissolve the ethylene- 
popylene-diene terpolymer rubber in styrene. To this 
reaction (polymerization) system was added 2,150 g of 
acrylonitrile as a monomer, and the resulting mixture was 
fully stirred to form a uniform solution. To the uniform 
solution were added 5.0 g of terpinolene and, as a catalyst, 
a mixture of 5.0 g of di-tert-butyl peroxide and 1.3 g of 
tert-butyl peracetate. The resulting polymerization system 
was raised in temperature to 97 °C. Bulk polymerization was 
performed for 7 hours and 20 minutes at a nitrogen pressure 
of 1 kg/cm while maintaining the temperature at 97°C. 
About 30 minutes before the completion of the polymeriza- 
tion, a solution of 15.0 g of di-tert-butyl peroxide and 
15.0 g of terpinolene dissolved in 500 g of styrene was 
added to the reaction mixture. The thus-formed syrup (con- 
taining polymer) was transferred to a 30-liter autoclave 
in which 11 liters of water (containing 25 g of an acrylic 
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acid-acrylic acid ester copolymer as a suspension) had 
been placed, and nitrogen was passed through the autoclave 
to displace the air. This aqueous suspension was subjected 
to suspension polymerization for 2 hours with vigorous 
stirring at 130 °C. The reaction mixture was then raised 
in temperature to 150 *C and was subjected to stripping 

for 1 hour- The thus-obtained polymer (graft-blended 
product) was fully washed with water and dried at 100 °C 
for about 24 hours. There was thus obtained 9.28 kg of a 
grafted product (hereinafter referred to as "AES") . The 
rubber-like material content of this AES was 16.0 % by 
weight. The Izod impact strength of the AES was 37. 9 
kg. cm/cm-notch , and its tensile strength was 350 kg/cm 2 . 
The Vicat softening point was 98.0°C. 
ACS(l) Resin 

A 20-liter autoclave was charged with 1,600 g of 
chlorinated polyethylene (Hooney viscosity: 76; chlorine 
contents 40.6 % by weight; hereinafter referred to as 
"Cl-PE(a) ") , 32.0 g of polyvinyl alcohol (degree of 
saponification: 95 %) , and about 8.0 liters of water (ion 
exchanged water) , which were then vigorously stirred at 
room temperature (about 23°C) . To the thus-formed dis- 
persion were added 4,560 g of styrene and 1,520 g of 
acrylonitrile as monomers, 320 g of fluid paraffin as a 
lubricant, 16.0 g of tert-butyl peracetate as a polymer iza- 
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tion initiator/ and 16.0 g of tert-dodecylmercaptan as a 
chain transfer agent. The air above the suspension of the 
reaction system was displaced by nitrogen gas, and the 
temperature was then raised to 105°C. While stirring at 
this temperature, polymerization was performed for 4 hours, 
and further, it was performed at 145°C for 2 hours. The 
reaction system was allowed to cool to room temperature. 
The thus-obtained polymer (grafted product) was filtered 
off and fully washed with water. The grafted product was 
then dried at 50 °C under reduced pressure for about 24 
hours. The polymerization conversion (based on the mono- 
mers used in the polymerization) was 95.4 %, and the 
product was in the form of slightly coarse powder. The 
rubber-like material content of the grafted product 
(hereinafter referred to as n ACS(l) " was 20.3 % by weight. 
ACS (2) Resin 

The polymerization was carried out by the same 
condition as in the preparation of ACS(l), except that the 
amount of Cl-PE(a) was changed to 6.0 kg, the amount of 
styrene was changed to 1,280 g and the amount of acrylo- 
nitrile was changed to 320 g. After the termination of 
the polymerization, the thus-obtained polymer was filtered 
off, washed with water and dried in the same conditions 
as in the purification of ACS(l). The polymerization 
conversion of the thus-obtained grafted product (herein- 
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after referred to as "ACS (.2)") was 95.3 % and the product 
was in the form of slightly coarse powder. The rubber- 
like material content of the grafted product was 79.6 % 
by weight. 

Mixtures (1) and (2) 

2,6-Xylenol was subjected to polycondensation by 
an oxidative coupling method to produce poly (2,6-dimethyl- 
phenylene-l,4-ether) (inherent viscosity (as determined 
at 30°C in chloroform; unit: dl/g) : 0.53; hereinafter 
referred to as "PPO") . Then, 100 parts by weight of PPO, 
25 parts by weight of a styrene monomer, 10 parts by 
weight of PS as prepared hereinbefore, and 2.1 parts by 
weight of di-tert-butyl peroxide were mixed in a Henschel 
mixer for 10 minutes and, thereafter, a styrene-graf ted 
PPO mixture was produced by the use of a twin screw 
extruder (diameter: 30 mm; resin temperature; 270°C) . 
This mixture was designated as "Mixture (1)". 

In the same manner as in the production of 
Mixture (1) , 50 parts by weight of Mixture (1) and 50 parts 
by weight of PS were dry-blended. The thus-obtained 
mixture was melted and kneaded in an extruder (diameter: 
40 mm; resin temperature: 260°C) to produce a mixture 
(hereinafter referred to as "Mixture (2)"). 
Mixtures (3) to (5) 

To 70 parts by weight of an acrylonitrile-styrene 
copolymer resin (acrylonitrile content: 23 % by weight; 
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hereinafter referred to as "AS") were added , as a rubber- 
like material , chlorinated polyethylene (chlorine content: 
31. 6 % by weight; Mooney viscosity (MS^ +4 ) : 78) as prepared 
by chlorinating an ethylene-butene-1 copolymer (molecular 
weight: about 250,000; density: 0,931 g/cm 3 ) in an aqueous 
suspension form, the same butadiene-styrene copolymer 
rubber (hereinafter referred to as "SBR") as used in the 
production of the MBS resin, and the same ethylene-propylene- 
diene terpolymer rubber as used in the production of the 
AES resin, all being used in an amount of 30 parts by 
weight, and melted and kneaded in a 60-liter Banbury mixer 
(resin termperature : 180°C) to produce Mixtures (3) , (4) 
and (5), respectively. 
Aluminum Flake 

Square flake-like aluminum (hereinafter referred 
to as "Al flake") having a crossrsectional area of 1 mm "x 
1 mm and a thickness of 0.03 mm was used. 
Aluminum Powder 

Aluminum powder (hereinafter referred to as "Al 
powder") having a grain size of from 74 to 150 microns was 
used. 

Aluminum Fiber 

As an aluminum fiber, an aluminum fiber (herein- 
after referred to as "Al fiber") having a length of about 
6 mm and a diameter of 65 microns was used. 
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Electrically Conductive Carbon Black 

Furnace black (produced by Cabot Corp., U.S.A. 

under the trade name of Vulcan XC-73; density: about 1.8 

2 

g/ml; surface area: 200 m /g; hereinafter referred to as 
"CB.") having a mean grain size of about 30 microns was 
used. 

Halogen-Containing Organic Compound 

As a halogen-ctonaining organic compound, deca- 
bromodiphenyl oxide (melting point: 304 °C; average particle 
size: 3 ym; bromine content: about 82 % by weight: herein- 
after referred to as "DBPO") was used. 
Antimony Oxide 

Anitmony trioxide (melting point: 656 °C; average 
particle size 0.5 ym; hereinafter referred to as n Sb 2 02 n ) 
having a density of 5.25 g/cm 3 was used as antimony oxide. 
Hydrous Inorganic Substance 

As hydrous inorganc substance was used finely 

pulverized magnesium silicate (density: 2.75 g/cm 3 ; 

2 

specific surfac area: 20 m /g; grain diameter: 0.32-6 
microns; Si0 2 content: 62.5 % by weight; MgO content: 30.6 % 
by weight; H^O content: 4.99 % by weight; hereinafter 
referred to as "MgO Si0 2 "). 
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-Hi- 

EXAMPLES 1 TO 26 AND 
COMPARATIVE EXAMPLES 1 TO 6 

Styrene-based resins , Al flake, Al powder, and 
Al fiber as Al component, and C.B. as electrically 
conductive carbon black were used and previously dry- 
5 blended in the proportions shown in Table 1 in a Henschel 
mixer for 5 minutes . The thus-prepared mixtures were 
each melted and kneaded at a resin temperature of 230°C 
in a twin-screw extruder (diameter: 30 mm) and extruded 
therefrom to produce the respective pellets. The pellets 
10 obtained were each molded (resin tenperature = 230°C) to obtain test 

samples (thickness: 3" nro) using an extruder or an injection molding machine. 

The volume resistivity and the electromagnetic 
attenuation amount of respective samples obtained were 
measured and the results are shown in Table 2. 
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Table 2 

Volume Electromagnetic 
Example No. Resistivity Attenuation Amount 

(ft-cm) (dB) 

1 10 2 18 

2 10 1 20 

3 10° 24 

4 10° 22 

5 10 1 17 

6 10 1 16 

7 10 1 17 

8 10 1 17 

9 10 1 16 

10 10 1 16 

11 10 1 15 

12 10° 22 

13 10° 25 

14 10° 24 

15 10° 27 

16 10° 29 

17 10° 37 

18 10° 35 

19 10° 36 

20 10° 30 

21 10° 34 

22 10° 32 
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Table 2 (cont'd) 



Example No. 

23 
24 
25 
26 

Comparative 
Example 1 

2 

3 

4 

5 

6 



Volume 
Resistivity 
(fi-cm) 

10° 

10° 

10° 



10* 



10 
10< 



15 



10 



10* 



10* 



10' 



15 



Electromagnetic 
Attenuation Amount 
(dB) 

34 

32 

30 

33 



[Note] -: No sample was prepared. 
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It is apparent from the results in Table 2 that 
the styrene-based resin composition of the invention has 
excellent properties with respect to electromagnetic 
inter f erence . 

EXAMPLES 27 TO 40 AND 
COMPARATIVE EXAMPLES 7 TO 11 

Styrene-based resins, Al flake, Al powder and 
Al fiber as Al component and C.B. and Sb^O^, DBPO and 
MgO-SiO^ as flame retardants were used and previously dry- 
blended in the proportions shown in Table 3 in a Henschel 
mixer for 5 minutes* The thus-prepared mixtures were each 
melted and kneaded at a resin temperature of 230°C by the 
use of a twin-screw extruder (diameter: 30 mm) , and 
extruded therefrom to produce the respective pellets. 
Samples were obtained in the same manner as in Example 1 
using each pellet. The flame resistance, volume resist- 
ivity and electromagnetic attenuation amount were measured 
and the results are shown in Table 4. 
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Table 4 

Flame*' Volume Electromagnetic 

Example No. Resistance Resistivity Attenuation Amount 

(ft-cm). (dB) 

27 V-0 10 2 17 

28 " 10 1 ■ 19 

29 " 10 2 15 

30 " 10 2 17 

31 " 10 1 17 

32 " 10 2 16 

33 " 10 2 14 

34 " 10 1 23 

35 - 10° 28 

36 - 10° 36 

37 " 10° 33 

38 - 10° 25 

39 - 10° 27 

40 " 10° 29 
Comparative 

Example 7 combustion 10° 16 

8 V-l 10° 17 

" 9 " 10° 34 

■ io 5 " v ^ 10° 34 

m 11 ; V-2 , 10° 36 



[Note] 1): determined by Underwriter's Laboratories 
(UL) method No. 94 in 1/8 inch thickness. 
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It is apparent from the results in Table 4 that 
by the addition of the flame retardants the styrene-based 
resin composition of the invention has not only excellent 
electromagnetic wave-shielding properties but also excel- 
lent flame resistance. 

The styrene-based resin compositions obtained in 
Examples 2, S, 22, 25, 29 and 35 and Comparative Example 3 
were molded to prepare test pieces, and the Izod impact 
strength, tensile strength, bending strength and Young's 
modulus in flexure of the test pieces were measured. The 
results are shown din Table 5. 
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A molded article as shown in Fig. 2 was produced 
by means of an injection molding machine (preset tempera- 
ture: 230°C; molding pressures 650 tons) using the pellet 
prepared in each Example. 
5 This molded article was a rectangular box- like 

product having a depth of 100 mm, a width of 120 mm, a 
length of 290 mm and an average thickness of 3 mm. 

The impact resistance of each molded article was 
measured according to UI.-114, safety specification 53.24 - 

10 i.e., a steel ball having a weight of 1.18 pounds and a 

diameter of 2 inches was allowed to drop on the surface of 
a test specimen (the back surface of the bottom of the box 
shown in - - 5 . 2) from a height of 1.3 m, and the state in 
which the surface was cracked or broken down was examined. 

15 There were neither cracking nor break^>wn observed in the 

obverse and reverse sides of each molded article. 

A housing (length: 100 mm; width: 260 mm; 
depth: 370 mm) for a printer was produced by means of an 
injection molding machine as using the pellets prepared in 

20 Example 25 and Comparative Example 3, respectively. 

The radiation field strength of the printer 
housing was measured according to the radiation radio 
noise testing method as prescribed in FCC (Federal Communi- 
cation Committee) , Document No. 20780 over a radiation 

25 frequency range of from 30 to 1/000 MHz. The distance 
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between the sample and the antenna was set at 3 m- The 
results are shown in Pig- 3. In the figure, A (solid line) 
indicates the results for the printer housing (A) using the 
pellet of the Example 25 and B (dotted line) indicates the 
results for the printer housing (B) using the pellet: of 
Comparative Example 3. As apparent from the figure, the 
field strength in the printer housing (A) is small over a 
high frequency region (MHz region) compared with that in 
the printer housing (B). 

Therefore, it can be seen that the styrene-based 
resin composition of the invention has not only improved 
electro-magnetic wave- shielding properties but also excel- 
lent mechanical strength. 

W2i±le the invention has been described in detail 
and with reference to specific embodiment thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made therein without departing 
from the spirit and scope thereof* 
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WHAT IS CLAIMED IS: 

1. A styrene -based resin composition comprising* 

(A) 40 to 90% by volume of a styrene-based resin 
component comprising a styrene-based resin having at least 
5% by weight of styrene, and 0 to 40% by weight of a rubber 

5 like material; and 

(B) 10 to 60% by volume of an aluminum component 
selected from the group consisting of aluminum and aluminum 
alloy in a powdery, fibrous or flaky form. 

2. A styrene-based resin composition as claimed in 
Claim 1, which further comprises (C) an electrically 
conductive carbon black wherein the proportions of the 
aluminum component and the carbon black are from 5 to 50% 

5 by volume, respectively, provided that the total proportion 

of the aluminum component and the carbon black is from 10 
to 60% by volume. 

3. A styrene-based resin composition as claimed in 
Claim 2, which further comprises (D) a halogen-containing 
organic compound and an antimony oxide wherein the propor- 
tions of the halogen-containing organic compound and the 

5 antimony oxide are at least 5 parts by weight, respectively, 

per 100 parts by weight of the total amount of the styrene- 
based resin component, the aluminum component and the carbon 
black, provided that the total proportion of the halogen- 
containing organic compound and the antimony oxide is from 
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10 to 45 parts by weight. 

4. A styrene-based resin composition as claimed in 
Claim 3, which further comprises (E) a hydrous inorganic 
substance in the proportion of 50 parts by weight or less 
per 100 parts by weight of the total amount of the styrene- 
based resin component , the aluminum component and the 
carbon black, provided that the proportion of the hydrous 
inorganic substance is at least 5 parts by weight per 100 
parts by weight of the carbon black. 

5. A styrene-based resin composition as claimed in 
O Claim 1 , 2,3 or 4, wherein the styrene-based resin has a 

molecular weight of 10,000 to 1,00O,OO0. 

6. A styrene-based resin composition as claimed In 
Claim 1, 2,3, 4 or 5, wherein the styrene-based resin is 

5 a polymer selected from the group consisting of a styrene 
homopo^ymer and a styrene copolymer which includes at most 
40% by weight of a double bond- containing organic compound. 

7. A styrene-based resin composition as claimed in 
Claim 1,2,3,4, or 5, wherein the styrene-based resin is a 

t0 graft-polymer of at least one rubber-like material selected 
from the group consisting of a butadiene-based rubber, an 
acrylic acid ester-based rubber, an ethylene /propylene- 
based rubber and a chlorinated polyethylene-based rubber 
with styrene alone or a mixture of styrene and at least 

►.5 one vinyl compound selected from the group consisting of 
acrylonitrlle and methyl methacrylate . 
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8* A styrene-based resin composition as claimed in 

Claim 1/2,3/4, or 5, wherein the styrene-based resin 
is a mixture of a polypheny lene ether and at least 
one polymer selected from the group consisting of a 
5 styrene homopolymer and a styrene copolymer which in- 
cludes at most 40 % by weight of a double bond-contai- 
ning organic compound. 

9- A styrene-based resin composition as claimed in 

Claim 1, 2,3,4 or 5 to 8, wherein the aluminum component 
10 is a flaky aluminum having a thickness of 0. 1 mm or 

less and a surface area of from 0*1 x 0.1 mm to 5 x 5 mm. 

10. A styrene-based resin composition as claimed in 
Claim 2,3,4 or 5 to 9, wherein the electrically conductive 
carbon black has a specific surface area of 20 to 1,800 m 2 /g. 

15 11. A styrene-based resin composition as claimed in 
Claim 3, 4 or 5 to 10, wherein the halogen-containing 
organic compound has a molecular weight of from 500 to 
5,000 and a decomposition initiating temperature or a 
boiling point of at least 200 0 C. 

20 12. A styrene-based resin composition as claimed in 
Claim 3, 4 or 5 to 10 ; wherein the antimony oxide has 
an average particle size of from 0.1 to 100 *im. 

13. A styrene-based resin composition as claimed in 
Claim 4 or 5 to 12, wherein the hydrous inorganic 

25 substance has a bound water content of from 10 to 80 % 

by weight and is capable of releasing water at 150 to 500°C. 

14. A styrene-based resin composition as claimed in 
Claim 7 , wherein the styrene-based resin is a graft- 
polymer of said at least one rubber-like material with 

30 said mixture. 
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